Abstract. We consider the multi-particle Anderson model in the continuum and show that under some mild assumptions on the inter-particle interaction and the external potential, its lower spectral edge is almost surely constant and is the same with that of the single-particle model. We then obtain the lifshitz asymptotics for the multi-particle hamiltonian in the continuum near the bottom of the spectrum.
Introduction
The study of multi-particle random Schrödinger operators is a quite recent new direction in the mathematics of random Scrödinger operators. In the single-particle theory, a lot of results on localization, continuity of the integrated density of states and Lifshitz asymptotics have been obtained for different forms of the external potentials see for example [3, 7, 8, 14, 20, [25] [26] [27] for the Anderson localization, [6] for continuity of the integrated density states and [21, 24] for the Lifshitz tails. See also the references therein.
1.1. The model. We fix at the very beginning the number of particles N ≥ 2. We are concern with multi-particle random Schrödinger operators of the following forms:
, U represents the inter-particle interaction which acts as multiplication operator in L 2 (R N d ). Additional information on U is given in the assumptions. V is the multi-particle random external potential also acting as multiplication operator on
. stochastic process relative to some probability space (Ω, B, P).
Observe that the non-interacting Hamiltonian H (N ) 0 (ω) can be written as a tensor product:
where,
We will also consider random Hamiltonian H (n) (ω), n = 1, . . . , N defined similarly. Denote by | · | the max-norm in R nd .
1.2. The assumptions. We now describe our general assumptions on the continuous multi-particle random Hamiltonian.
(H.1) Short-range interaction. The global interaction U is of the form:
where the function U : R → R is square integrable and non-negative. Further it is plain that U is of finite range, i.e., ∃r 0 > 0 such that for x, y ∈ R d with |x − y| > r 0 , we have
For the external potential V , we assume:
The potential V is square integrable and non-negative.
We have one more assumption
This last assumption was essential in [22] and is valid for example in the particular case of the Coulomb and Yukawa potentials see [26] .
1.3.
The results on the bottom of the spectrum. For any 1 ≤ n ≤ N , we denote by σ(H (n) (ω)) the spectrum of H (n) (ω) and by E (n) 0 (ω) the infimum of σ(H (n) (ω)). The main result of this subsection is Theorem 1 (The multi-particle lower spectral edges are non-random). Let 1 ≤ n ≤ N . Assume that the assumptions (H.1), (H.2) and (H.3) hold true. Then with P-probability 1,
Consequently, for n = 1, . . . , N , E (n) 0 = 0 almost surely.
1.4.
The result on the integrated density of states.
with Dirichlet boundary conditions. We have Theorem 2 (Lifshitz tails). Let 1 ≤ n ≤ N . Under assumptions (H.1), (H.2) and (H.3), we have that for any E ∈ R, the limit
exists and is denoted by N (H (n) , E). Further, the quantity N (H (n) , E) (called, the integrated density of states of H (n) (ω)) satisfies the Lifshitz tails: there exist constants C > 0 and γ > 0 such that
Proof of the results

2.1.
Proof of Theorem 1. Let 1 ≤ n ≤ N . We aim to prove that 0 ∈ Σ(H (n) (ω) ⊂ [0; +∞). Assumption (H.1) implies that U is non-negative and assumption (H.2) also implies that V is non-negative. Since, −∆ ≥ 0, we get that almost surely σ(H (n) (ω)) ⊂ [0; +∞). It remains to see that 0 ∈ σ(H (n) (ω)) almost surely. Let k, m ∈ N. Define,
where r 0 > 0, is the range of the interaction U. We also define the following sequence in Z nd , We have that almost surely σ(H (1) j (ω)) = [0; +∞), see for example [27] . So, if we set for j = 1, . . . , n,
We also have that P {Ω 0 } = 1. Let ω ∈ Ω 0 , for this ω, we have that 0 ∈ σ(H (1) j (ω)) for all j = 1, . . . , n and by the Weyl criterion, there exist n Weyl sequences {(φ m j ) m : j = 1, . . . , n} related to 0 and each operator H 
Indeed, for the values of y inside the cube C (n) k 0 m (x k 0 ,m ) the interaction potential U vanishes and for those values outside that cube φ m equals zero too. Therefore,
because, for all j = 1, . . . , n, H 2.2. Proof of theorem 2. By Theorem 1, we know that all the lower spectral edges of H (n) (ω), n = 1, . . . , n are almost surely equal to 0. Now, by the work of Klopp and Zenk [22] , we know that the multi-particle integrated density of states of each H (n) (ω) exists and is the same with that of the single-particle. For single-particle Anderson models the integrated density of states exists see [25] and in addition it admits the Lifshitz asymptotics see [27] for exmaple. Finally, since all the lower spectral edges are equal to zero, we conclude that the multi-particle Anderson model in the continuum also admits the Lifshitz tails near its lower spectral edge, i.e., zero. This complete the proof.
